Background {#Sec1}
==========

Dengue is a widespread mosquito-borne viral disease, with over 40% (2.5 billion people) of the world's population at risk of infection \[[@CR1]\]. The incidence of dengue has increased 30-fold over the past 50 years, and between 2005 and 2015 the number of dengue-related deaths increased by nearly 50% (from 12,300 to 18,400 deaths annually) \[[@CR1], [@CR2]\]. Recently, it was estimated that there were 58.4 million symptomatic dengue cases and 13,586 dengue-related deaths in 2013 \[[@CR3], [@CR4]\]. These numbers corresponded to an estimated total cost of illness of US\$8.9 billion (2013 prices) \[[@CR4]\]. Of this total estimated cost of illness, US\$3.77 billion (42%) resulted from productivity costs \[[@CR5]\]. Productivity costs (also known as indirect costs) are defined as the costs associated with the loss of paid and unpaid work that result from illness, treatment, disability or premature death \[[@CR6]\] i.e. they are the monetary value of productivity losses (lost productive time). These can occur from the patients themselves as well as their informal caregivers. However, although productivity costs accounted for a significant proportion of the estimated economic burden of dengue, the methods used to calculate them are inconsistent across studies (Fig. [1](#Fig1){ref-type="fig"} and Additional file [1](#MOESM1){ref-type="media"}). This is not unique to dengue; it is a general problem across the health economics research field \[[@CR7]\]. The accurate estimation of productivity costs is important to understand the true economic burden of dengue. Fig. 1An overview of the methods to value productivity costs

The aim of this review is to systematically examine the current estimates of the productivity costs associated with dengue episodes in Asia, and to gain a more comprehensive understanding regarding the variation in the methodology used to calculate these costs. We also discuss more generally many of the areas of debate surrounding the quantification of productivity costs, how productivity costs can be applied within cost-effectiveness analyses, and make recommendations for future research. These findings will help improve future research and consistency regarding the quantification and reporting of dengue-related productivity costs. This will be helpful for developing more accurate estimates of the economic burden of dengue as well as helping policymakers and healthcare funders in decision making regarding dengue interventions.

Methods {#Sec2}
=======

We searched for relevant articles using the PubMed and Web of Science electronic databases using variants of the following keywords (dengue, dengue virus, dengue hemorrhagic fever, dengue fever, dengue infection, DENV, DENV-1, DENV-2, DENV-3, DENV-4, economics, cost, cost analysis, cost of illness, health care cost, and cost-effectiveness) on 24th of April 2019, without any date or language restrictions. The search terms were discussed and tested by two reviewers (TMH and HCT). A detail information of search terms and PRISMA checklist were provided in Additional file [2](#MOESM2){ref-type="media"}. The titles and abstracts of all the articles were scanned to identify relevant studies by a single reviewer (TMH). The bibliographies of related papers were also searched to find additional articles not originally retrieved from the databases. The studies related to the Asia region were screened for manually. Full texts of the identified studies were then reviewed for eligibility by a reviewer (TMH) and articles without reported productivity losses or costs were excluded. Any studies with uncertainty regarding their inclusion were discussed and resolved by two reviewers (TMH and HCT). The full selection process is outlined in Fig. [2](#Fig2){ref-type="fig"}. Fig. 2Decision tree outlining the inclusion and exclusion of the identified studies. *Several 'grey literature' texts which were not found within the databases were also identified using Google Scholar and the bibliographies of other papers. A PRISMA checklist is provided in* Additional file [2](#MOESM2){ref-type="media"}

One key feature of dengue is the variety of types and definitions of dengue episodes. Many studies focus implicitly on episodes managed in the formal health care system, while episodes managed outside the formal healthcare system were commonly excluded \[[@CR4]\]. In some non-health economic studies, "cases" also include non-symptomatic dengue infections. Accordingly, in this review, we refer only to symptomatic dengue episodes. Estimates related to the productivity losses and costs of both non-fatal and fatal dengue episodes were extracted. Where feasible, we also reported the estimated productivity losses and costs associated with the patients' informal caregivers.

When possible, we stratified the results according to the severity of the dengue episode (such as dengue fever, severe or non-severe dengue, dengue hemorrhagic fever and dengue shock syndrome) and the source of care (outpatient versus hospitalized). Notably, the World Health Organization (WHO) classification for dengue has been updated from dengue fever or dengue hemorrhagic fever to dengue or severe dengue \[[@CR8]\]. We reported the estimates in the same way as in the source paper.

Throughout this paper, productivity losses were defined as the estimated amount of productive time (i.e. paid or unpaid work) lost due to a dengue episode. Productivity costs were defined as the monetary value of these productivity losses.

As the studies were performed in different years, it was necessary to adjust for inflation to make the estimates more directly comparable. We therefore adjusted the reported productivity costs to 2017 US prices. For the majority of the studies, the reported productivity costs were converted to their country's currency and adjusted for inflation using the specific country's Gross Domestic Product (GDP) deflator rates from the International Monetary Fund and then reconverted to US\$ using the 2017 exchange rate \[[@CR9]--[@CR11]\]. Further detail is provided in the Additional file [2](#MOESM2){ref-type="media"}.

Results {#Sec3}
=======

We identified 56 potentially relevant articles reporting the cost of dengue illness in Asian countries. Of these, 23 of the studies only reported direct costs and were therefore excluded. The remaining 33 studies were included in the analysis and reviewed in further detail. Details of the identified articles are described below (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). Generally, the majority of the studies (83%) focused on countries in Southeast Asia that are considered to be highly endemic. Moreover, the majority of the studies (64%) were published within the last 10 years. A notable gap in the literature was the relatively few studies performed in India and China. Table 1The estimated productivity costs of non-fatal dengue episodesAuthorsCountriesWage sourceCaregiver's productivity costs includedAverage productivity cost related to a non-fatal dengue episode (US\$ 2017 prices)**Hospitalized episodes** Clark et al. \[[@CR12]\]ThailandUnclearYes37.5 Huy et al. \[[@CR13]\]CambodiaFrom surveyYes14.1 Mia et al. \[[@CR14]\]MalaysiaMinimum wageYes276.5 Okanurak et al. \[[@CR15]\]ThailandMinimum wage of two different citiesYesAdult patient: 54.3Child patient: 64.5 Suaya et al. \[[@CR16]\]CambodiaMinimum wageYes85.9ThailandMinimum wageYes67.9MalaysiaMinimum wageYes143.0 Kongsin et al. \[[@CR17]\]ThailandMinimum wageYes68.4 Suaya et al. \[[@CR18]\]CambodiaMinimum wageYesAverage: 85.2Plasma leakage case: 91.4Non-plasma leakage case: 65.1 Onuh et al. \[[@CR19]\]PhilippinesAverage minimum wage for non-agriculture and agriculture sectorsNA57.7 Tam et al. \[[@CR20]\]VietnamFrom surveyNA64.7 Pham et al. \[[@CR21]\]VietnamFrom surveyNA51.3 Nguyen et al. \[[@CR22]\]VietnamFrom surveyYesAdult patient:DF: 13.5DHF: 15.1DSS: 16.8Child patient:DF: 9.7DHF: 18.1DSS: 26.3 Suaya et al. \[[@CR23]\]CambodiaUnclearYes30.4 Harving et al. \[[@CR24]\]VietnamFrom surveyYes24.2 Shepard et al. \[[@CR25]\]MalaysiaEstimationNA196.0 Lee et al. \[[@CR26]\]VietnamFrom surveyYes58.0ThailandFrom surveyYes46.4 Bhavsar et al. \[[@CR27]\]IndiaFrom survey and minimum wageYes155.1 Tran et al. \[[@CR28]\]VietnamGDP per capita and from surveyYes75.7 Tozan et al. \[[@CR29]\]ThailandMinimum wageAdult patient:Average: 101.2DF: 87.9DHF: 134.7Child patient:Average: 84.1DF: 84.8DHF: 80.6 Tran et al. \[[@CR30]\]VietnamFrom surveyYesMedian: 88.1 Fezzazi et al. \[[@CR31]\]IndonesiaDaily wageCaregiver onlyOverall average: 231.8MalaysiaPhilippinesThailandVietnam Zeng et al. \[[@CR32]\]IndonesiaGDP per capitaNA60.4MalaysiaGDP per capitaNA181.7PhilippinesGDP per capitaNA41.9ThailandGDP per capitaNA50.9VietnamGDP per capitaNA15.4 Shepard et al. \[[@CR33]\]BhutanGDP per capitaNA37.3BruneiGDP per capitaNA615.8CambodiaGDP per capitaNA39.1East TimorGDP per capitaNA9.6IndonesiaGDP per capitaNA48.0LaosGDP per capitaNA20.5MalaysiaGDP per capitaNA198.6Myanmar^a^GDP per capitaNA11.9PhilippinesGDP per capitaNA42.5SingaporeGDP per capitaNA1445.9ThailandGDP per capitaNA54.6VietnamGDP per capitaNA10.7 Shepard et al. \[[@CR4]\]AfghanistanGDP per capitaNA6.7BangladeshGDP per capitaNA13.7BhutanGDP per capitaNA39.7BruneiGDP per capitaNA927.7CambodiaGDP per capitaNA38.1ChinaGDP per capitaNA127.3IndiaGDP per capitaNA19.5IndonesiaGDP per capitaNA52.3LaoGDP per capitaNA22.8MalaysiaGDP per capitaNA168MaldivesGDP per capitaNA141.3MyanmarGDP per capitaNA12.1NepalGDP per capitaNA8.1PakistanGDP per capitaNA19PhilippinesGDP per capitaNA38.2SingaporeGDP per capitaNA911.6SrilankaGDP per capitaNA51.2TaiwanGDP per capitaNA1318.4TajikistanGDP per capitaNA7.6ThailandGDP per capitaNA50.7East TimorGDP per capitaNA74.9UzbekistanGDP per capitaNA10.2VietnamGDP per capitaNA13.2YemenGDP per capitaNA31.6 Nadjib et al. \[[@CR34]\]IndonesiaFrom survey and minimum wageYes45.0--130.2 Lee et al. \[[@CR35]\]CambodiaFrom surveyYes59.9 Bangert et al. \[[@CR36]\]MaldivesUnclearNA134.4**Outpatient episodes** Shepard et al. \[[@CR25]\]MalaysiaMinimum wageNA172.5 Fezzazi et al. \[[@CR31]\] ^a^IndonesiaMalaysiaPhilippinesThailandVietnamAverage wageCaregiver onlyOverall average: 65.8 Lee et al. \[[@CR26]\]VietnamFrom surveyYes23.4ThailandFrom surveyYes27.7 Suaya et al. \[[@CR16]\]CambodiaMinimum wageNANAThailandMinimum wageYes125.2MalaysiaMinimum wageNANA Zeng et al. \[[@CR32]\]IndonesiaGDP per capitaNA33.4MalaysiaGDP per capitaNA159.6PhilippinesGDP per capitaNA22.8ThailandGDP per capitaNA12.5VietnamGDP per capitaNA11.3 Tran et al. \[[@CR30]\]VietnamFrom surveyYesMedian: 44.1 Shepard et al. \[[@CR33]\]BhutanGDP per capitaNA17.5BruneiGDP per capitaNA288.7CambodiaGDP per capitaNA5.6East TimorGDP per capitaNA4.5IndonesiaGDP per capitaNA22.5LaosGDP per capitaNA9.6MalaysiaGDP per capitaNA173.8Myanmar^a^GDP per capitaNA5.6PhilippinesGDP per capitaNA19.9SingaporeGDP per capitaNA1332.1ThailandGDP per capitaNA13.7VietnamGDP per capitaNA8.4 Shepard et al. \[[@CR4]\]AfghanistanGDP per capitaNA3.8BangladeshGDP per capitaNA7.5BhutanGDP per capitaNA21.5BruneiGDP per capitaNA519.7CambodiaGDP per capitaNA5.6ChinaGDP per capitaNA71.8IndiaGDP per capitaNA11.3IndonesiaGDP per capitaNA29.4LaoGDP per capitaNA12.5MalaysiaGDP per capitaNA146.8MaldivesGDP per capitaNA79.4MyanmarGDP per capitaNA6.9NepalGDP per capitaNA4.6PakistanGDP per capitaNA10.7PhilippinesGDP per capitaNA21.8SingaporeGDP per capitaNA839.4SrilankaGDP per capitaNA28.5TaiwanGDP per capitaNA739TajikistanGDP per capitaNA4.4ThailandGDP per capitaNA12.4East TimorGDP per capitaNA41.8UzbekistanGDP per capitaNA5.5VietnamGDP per capitaNA10.2YemenGDP per capitaNA18.3 Nadjib et al. \[[@CR34]\]IndonesiaFrom survey and minimum wageYes8.1--24.6 Bangert et al. \[[@CR36]\]MaldivesUnclearNA75.5**Unspecified setting** Luh et al. \[[@CR41]\]^α^TaiwanGDP per capitaNAThe average annual productivity cost per caseEpidemic year: 176.4Non-epidemic year: 169.3 Carrasco et al. \[[@CR37]\]SingaporeGDP per capitaNAHCA: 1669.8--3198.9FCA: 1247.3--2281.7 Hariharan et al. \[[@CR38]\]IndiaGNI per capitaNA12.7Where possible the costs were adjusted to US\$ 2017 prices (see Additional file [2](#MOESM2){ref-type="media"}). In some cases, the adjusted costs were smaller than the original values reported due to changes in the country's US\$ exchange rate*IS* International dollars, *NA* not available, *GDP* gross domestic product, *HCA* human capital approach, *FCA* friction cost approach, *GNI* gross national income, *DF* dengue fever, *DHF* dengue hemorrhagic fever, *DSS* dengue shock syndrome^a^: US GDP deflators were used to adjust for inflation (see Additional file [2](#MOESM2){ref-type="media"})α: Values were not adjusted for inflation (see Additional file [2](#MOESM2){ref-type="media"})Table 2The estimated average productivity costs related to fatal dengue episodesAuthorsCountryMethodWage sourceDiscount rateAverage productivity cost related to a fatal dengue episode (US\$ 2017 prices) Okanurak et al. \[[@CR15]\]ThailandNAGNP per capitaNAChildren: 166,861Adult: 167,209 Suaya et al. \[[@CR16]\]CambodiaNAGDP per capita3%15,568ThailandNAGDP per capita99,339MalaysiaNAGDP per capita132,074 Shim et al. \[[@CR39]\]PhilippinesHCAGDP per capita3%Children: 85,218Adults: 55,392 Carrasco et al. \[[@CR37]\]SingaporeHCA and FCAHCA used GDP per capita, FCA used gross earning for friction period3%HCA: 396,836.8-417,187.4FCA: 5698.2-7122.7 Shepard et al. \[[@CR25]\]MalaysiaHCAMinimum wage3%52,168.9 Beaute et al. \[[@CR40]\]CambodiaHCAAverage annual income from World Bank3%16,242.1 Luh et al.^α^ \[[@CR41]\]TaiwanHCAGDP per capita3%Epidemic year: 224,884.4Non-epidemic year: 215,634.7 Shepard et al. \[[@CR4]\]AfghanistanHCAGDP per capita3%Children: 18,077Adult: 12,368BangladeshHCAGDP per capita3%Children: 34,772Adult: 22,354BhutanHCAGDP per capita3%Children: 77,077Adult: 49,873BruneiHCAGDP per capita3%Children: 851,115Adult: 554,098CambodiaHCAGDP per capita3%Children: 32,483Adult: 21,282ChinaHCAGDP per capita3%Children: 187,606Adult: 122,518IndiaHCAGDP per capita3%Children: 44,120Adult: 28,729IndonesiaHCAGDP per capita3%Children: 91,835Adult: 59,693LaoHCAGDP per capita3%Children: 49,823Adult: 32,178MalaysiaHCAGDP per capita3%Children: 238,657Adult: 155,441MaldivesHCAGDP per capita3%Children: 208,713Adult: 135,881MyanmarHCAGDP per capita3%Children: 28,443Adult: 18,962NepalHCAGDP per capita3%Children: 23,007Adult: 14,955PakistanHCAGDP per capita3%Children: 43,947Adult: 28,506PhilippinesHCAGDP per capita3%Children: 72,754Adult: 47,290SingaporeHCAGDP per capita3%Children: 1,453,237Adult: 948,121Sri LankaHCAGDP per capita3%Children: 93,487Adult: 61,013TaiwanHCAGDP per capita3%Children: 1,199,795Adult: 783,068TajikistanHCAGDP per capita3%Children: 19,002Adult: 12,035ThailandHCAGDP per capita3%Children: 159,870Adult: 104,347East TimorHCAGDP per capita3%Children: 121,101Adult: 79,282UzbekistanHCAGDP per capita3%Children: 21,256Adult: 13,777VietnamHCAGDP per capita3%Children: 55,848Adult: 36,555YemenHCAGDP per capita3%Children: 69,819Adult: 46,546 Hariharan et al. \[[@CR38]\]IndiaNANANA33,185.4 Bangert et al. \[[@CR36]\]MaldivesNANANAChildren: 198,181.3Adult: 129,024.3Where possible, the costs were adjusted to US\$ 2017 prices. In some cases, the adjusted costs were smaller than the original values reported due to changes in the country's US\$ exchange rateα: Values were not adjusted for inflation (see Additional file [2](#MOESM2){ref-type="media"})Human capital and friction cost approaches are defined in Fig. [1](#Fig1){ref-type="fig"}*GNP* Gross national product, *GDP* gross domestic product, *HCA* human capital approach, *FCA* friction cost approach, *NA* not available

There was substantial variation regarding how the different studies defined and estimated productivity losses and productivity costs. For instance, some studies only considered the productivity losses of the patients, while others also accounted for the losses experienced by the patients' informal caregivers (Additional file [2](#MOESM2){ref-type="media"} Table S1). There was also notable variation in how the studies placed monetary values on productivity losses, i.e. how they estimated the productivity costs. Many studies did not collect primary data and based their estimates on secondary or aggregated data, particularly for the productivity costs relating to premature mortality.

In the following sections we summarize: The reported productivity losses (i.e. the productive time lost) associated with non-fatal dengue episodes and their informal caregivers.The estimated productivity costs associated with non-fatal episodes i.e. the monetary value of the productivity losses.The estimated productivity costs related to fatal dengue episodes.How these estimated productivity costs of dengue episodes influence estimates of dengue's total economic burden.How these productivity costs can be incorporated into cost-effectiveness analyses of dengue interventions.

The reported productivity losses related to non-fatal dengue episodes {#Sec4}
---------------------------------------------------------------------

### Patients' productivity losses (productive time lost) {#Sec5}

A number of studies reported the productivity losses associated with dengue episodes (Additional file [2](#MOESM2){ref-type="media"} Table S1). The majority of the studies collected this data via interviews with patients and/or their caregivers. The average reported number of days loss from a dengue episode occurring in a child ranged between 3.9--11.4 days for hospitalized episodes and 0.7--4.3 days for outpatient episodes. Similarly, the reported number of days loss from a dengue episode occurring in an adult ranged from 5 to 31.9 days for hospitalized episodes and 4.0--7.2 for outpatient episodes. However, there were differences in the way the different studies estimated and reported productivity losses, particularly in children (Additional file [2](#MOESM2){ref-type="media"} Table S1), which made a formal comparison of the different studies difficult. For instance, to estimate the productivity losses for children, the studies varied with some using the number of school days they had missed, the duration of the illness \[[@CR35], [@CR42]\], the number of work days loss by their informal caregivers \[[@CR22], [@CR34], [@CR41]\] or a combination of factors \[[@CR15], [@CR17], [@CR21]\]. However, the duration of illness does not necessarily equal the number of school days loss (such as if a child is ill over a weekend). In addition, the time that informal caregivers spent looking after sick children can be substantial \[[@CR13], [@CR18]\], and thus this also needs to be accounted for to fully capture the productivity losses of dengue episodes occurring in children.

All of the studies quantified productivity losses relating to absenteeism (someone not attending work). However, none of the studies appeared to explicitly quantify the productivity losses relating to presenteeism. Presenteeism is likely to be present at every phase of the illness. It is probable that presenteeism is even more significant in low and lower-middle-income countries, as the patients will be less likely to have access to paid "sick days" and many would not be able to afford to take much time off work. Studies on arthritis and mental health have found that presenteeism accounted for the majority of their associated total productivity losses \[[@CR43]--[@CR45]\]. Compared to long-term chronic illnesses, the impact of presenteeism will likely be less extreme for dengue, however it should be considered and evaluated further in future studies.

The patients' productivity losses were found to correspond to the severity of the dengue episode. Three studies differentiated the productive time lost based on disease severity \[[@CR17], [@CR22], [@CR41]\]. For example, Nguyen et al. \[[@CR22]\] found that adult patients lost on average 8.4, 9.7 and 12.3 work days with dengue fever, dengue hemorrhagic fever, and dengue shock syndrome cases, respectively. Lee et al. \[[@CR26]\] also found that the number of sick days reported before and after study enrollment were significantly related to the severity of illness.

The majority of studies focused implicitly on episodes managed within the formal health system. Although this is understandable, this focus excludes episodes that cause productivity losses but do not receive a formal diagnosis or management in the formal health care system.

Four studies reported the patients' productivity losses pre, during and post-hospitalization period \[[@CR12], [@CR20], [@CR21], [@CR46]\]. They ranged from 1.8--6.25 days for pre-hospitalization period, 3.5--6.76 days for hospitalization period and 1.2--18.89 days for post-hospitalization period (Fig. [3](#Fig3){ref-type="fig"}). This demonstrates the importance of also quantifying the productivity losses experienced pre- and post-hospitalization. It is noteworthy that the productivity losses estimated by Rafique et al. \[[@CR46]\] were much larger than the other studies, particularly those experienced post-hospitalization. The authors stated that this difference could be potentially due to patients experiencing fatigue post-infection \[[@CR46], [@CR47]\]. Fig. 3The average number of days lost by patients over the whole course of a dengue episode. *Clark* et al. \[[@CR12]\], *Pham* et al. \[[@CR21]\], *Rafique* et al. \[[@CR46]\], *Tam* et al. \[[@CR20]\]*. It should be noted only these papers were included as they were the only ones that reported the days lost stratified in this way*

Within the literature, there is variation regarding the reported proportion of cases (2--68%) experiencing post-acute consequences of dengue infection (such as fatigue, asthenia and trouble working), as well as the reported duration of these symptoms \[[@CR48]\]. The majority of the studies we identified within this review would not have a long enough follow-up period to fully capture the potential impact of these post-acute consequences on the estimated productivity losses of dengue. The incidence, duration and severity of these post-acute consequences is a key area of uncertainty regarding the burden of dengue \[[@CR49]\]. Currently, the majority of studies in this area are from Latin America, and more research is needed from other settings (particularly higher transmission settings, where the age of distribution of episodes differs) \[[@CR49]\].

### Unpaid informal caregivers' productivity losses (productive time lost) {#Sec6}

Many dengue patients require support from informal caregivers: individuals (often family members) who provide unpaid assistance and support while the patient is ill. Within the studies we identified, the average number of days lost by the patients' informal caregivers ranged between 1.0--25.5 days for hospitalized episodes and 0.1--2 days for outpatient episodes (Additional file [2](#MOESM2){ref-type="media"} Table S1). The number of days informal caregivers spent looking after patients did not necessarily equal their number of work days loss. For instance, Huy et al. \[[@CR13]\] reported that informal caregivers spent on average 11.4 days looking after a dengue patient, whilst on average, they lost 8.3 work days. Only capturing the number of work days loss might underestimate the actual productivity losses of informal caregivers. For example, some informal caregivers may not be working (such as students or retirees). This highlights the importance of also considering lost unpaid work when estimating productivity losses.

As with the estimated productivity losses of the patients, the productivity losses of the informal caregivers corresponded to the severity of the episode \[[@CR18], [@CR22]\]. For instance, Suaya et al. \[[@CR18]\] reported that families of children with plasma leakage (a marker of more severe dengue) lost on average five days more than those without plasma leakage (15.2 versus 10.5 days). Similarly, Nguyen and Luong \[[@CR22]\] reported that informal caregivers lost an average of 7.3, 7.1 and 9.9 days for dengue fever, dengue hemorrhagic fever and dengue shock syndrome cases, respectively.

In some instances, multiple caregivers will support a single dengue patient. However, only a few studies reported the actual number of informal caregivers that were supporting the dengue patients \[[@CR12], [@CR22], [@CR41], [@CR46]\]. If this is not accounted for, the productivity losses of informal caregivers could be underestimated. Future studies should therefore clearly state the number of informal caregivers and their assumptions when calculating these productivity losses.

It was not always clear if studies were quantifying the productivity losses experienced by informal caregivers across the full duration of the dengue episodes or just period that the patient is hospitalized/at the outpatient clinic. If the former was done, the total productivity losses experienced by dengue patients' informal caregivers could have been underestimated in some studies.

The estimated productivity costs related to non-fatal dengue episodes {#Sec7}
---------------------------------------------------------------------

In order to estimate the productivity costs associated with dengue episodes, a monetary value is placed on the corresponding productivity losses (i.e. number of days loss) discussed previously. The estimated productivity costs from the different studies are summarized in Table [1](#Tab1){ref-type="table"}. However, owing to the variety and inconsistency in the methods applied to calculate the productivity costs, it was difficult to directly compare the estimates. Accordingly, the estimated productivity costs associated with dengue episodes varied widely across the different studies. Specifically, the average estimated productivity costs of a hospitalized episode ranged from US\$6.7--1445.9 (2017 prices) and the average estimated productivity cost of an outpatient episode ranged from US\$3.8--1332 (2017 prices) (Table [1](#Tab1){ref-type="table"}). A large degree of this variation was due to the range of different countries being investigated and their corresponding economic status. Unsurprisingly, there was a positive relationship between the estimated productivity cost and the country's GDP (Fig. [4](#Fig4){ref-type="fig"}). However, estimates for a given country still showed notable variation (Additional file [2](#MOESM2){ref-type="media"} Figure S1). This was likely largely due to differences in methodology, such as the wage sources used to value productivity losses and whether or not the productivity losses of informal caregivers were included. Fig. 4The reported average productivity costs in the identified studies. *Costs are reported in 2017 prices*

The methods for placing a monetary value on productivity losses can vary depending on whether the loss is experienced by an adult patient, a child patient or an informal caregiver. These issues are discussed more in the following subsections.

### Valuing monetarily an adult's productivity losses (estimating productivity costs) {#Sec8}

The productivity losses incurred by adult dengue patients are typically valued based on a specified wage source(s), which reflects the average income of the population at risk of disease in the study setting. Many of the identified studies used a minimum wage for this \[[@CR14]--[@CR19], [@CR25], [@CR27]\]. However, the minimum wage does not always reflect the actual average income of the whole population (Fig. [5](#Fig5){ref-type="fig"}). Furthermore, there is currently no definitive evidence that dengue is strongly associated with poverty \[[@CR61], [@CR62]\]. Accordingly, using the minimum wage for valuing monetarily dengue-related productivity losses could lead to an underestimation of the corresponding productivity costs. The extent of this will vary depending on the study setting (Fig. [5](#Fig5){ref-type="fig"}). Fig. 5The difference in some example potential wage sources commonly used to value productivity losses. *Data sources: Minimum wage* \[[@CR50]--[@CR58]\], *Gross National Income* \[[@CR59]\], *and Gross Domestic Product* \[[@CR60]\]*. Costs are reported in 2016 US\$ prices*

Currently, there is no standard method for estimating productivity costs. This has resulted in variation across different studies, even when they are reporting to have used the same approach; this is true not just for dengue but for the health economics field in general \[[@CR7]\]. For example, some countries have different types of minimum wage (such as Vietnam, where it varies across different regions and the Philippines where it varies for different types of occupation). However, studies often do not clearly state specifically what minimum wage they are using and its source. In addition, variations in how wage sources are converted/modified for the purposes of the study can have a significant impact (e.g., to estimate a daily wage is the yearly wage rate divided by 365 days or by the number of work days etc.).

A key area of debate in the health economic field is regarding the use of the human capital approach or the friction cost approach (Fig. [1](#Fig1){ref-type="fig"} and Additional file [1](#MOESM1){ref-type="media"}) and the two approaches can lead to significantly different estimates of productivity costs \[[@CR63]\]. However, for non-fatal dengue episodes, it could be argued that there would often be little difference between the two approaches, as the typical duration of illness is shorter than the friction period. Interestingly, despite the approach not always being stated directly, most of the studies appeared to have used/applied the human capital approach to estimate the productivity costs related to non-fatal and fatal dengue episodes.

The productivity costs of lost paid work were commonly quantified and reported across the studies. However, those related to lost unpaid work were often ignored. Specifically, some studies did not value the productivity losses of unemployed patients, students or individuals not earning money at the time of the survey (such as farmers). It should be acknowledged that quantifying monetarily unpaid productivity losses is challenging, and the correct methodology is debatable. Though there are some recommendations \[[@CR64]\], there are no specific guidelines on how to measure and value unpaid productivity losses within cost of illness studies. More research and development of guidelines are urgently needed to inform practice in this area \[[@CR65]\].

### Valuing monetarily children's productivity losses {#Sec9}

Valuing monetarily the productivity losses of children is challenging, and currently there is no broadly accepted guideline or methodology for this \[[@CR64], [@CR66]\]. Because of this, there was notable variation regarding how the productivity costs relating to dengue episodes in children were estimated. For example, Kongsin et al. \[[@CR17]\] estimated this productivity cost by multiplying the cost that the government spends per day on a primary school student and the number of school days loss, while other researchers such as Okanurak et al. \[[@CR15]\] and Nadjib et al. \[[@CR34]\] based the estimate on the productivity losses of the children's informal caregivers. It is noteworthy that some studies reported the productivity losses of children without quantifying the productivity costs and vice versa \[[@CR15], [@CR21]\]. Accordingly, further comparison across studies is limited. Further research and guidelines are needed to allow the productivity costs relating to children to be estimated more accurately and consistently. Some recommendations to help with this area are outlined in Table [3](#Tab3){ref-type="table"} and discussed further by Andronis et al. \[[@CR67]\]. Table 3Research needs and recommendations for future studies**Key research needs**More data quantifying the productivity losses over the full course of the dengue episode.More data quantifying the productivity losses associated with presenteeism and lost unpaid work. More data quantifying the productivity losses associated with post-acute consequences.Further investigation and data describing patents' informal caregivers and their productivity losses.More data on the health and economic burden of dengue from India and China.**Recommendations for future studies**Clearly state the losses and costs associated with lost paid work and unpaid work.Clearly report the period of disease that accounted for the productive time lost (i.e. pre-hospitalization, hospitalization and post-hospitalization).Clearly state and justify the wage source(s) used to value the productivity costs.Report the average number of informal caregivers per dengue patient and how their time was valued.Clearly state and justify how children's productivity losses are quantified and valued monetarily.

### Valuing monetarily informal caregivers' productivity losses {#Sec10}

The time that informal caregivers spend caring for a patient is typically considered to be unpaid work. Therefore, the opportunity cost method or replacement cost method are generally used to quantify the productivity losses of informal caregivers in monetary terms (Fig. [1](#Fig1){ref-type="fig"}). The average reported productivity cost of informal caregivers varied between US\$7.1--99.4 per hospitalized dengue episode and US\$2.1--16.2 per outpatient dengue episode. It should be noted that some studies quantified the productivity cost of informal caregivers but did not report the specific economic loss relating to them (instead, they reported the total productivity cost relating to the dengue episode). Most of the studies appeared to use the opportunity cost approach to value productivity losses of informal caregivers.

The majority of the studies did not specifically report informal caregivers who were teenagers or retirees. Teenagers and retirees could conceivably spend a lot of time caring for patients, though similar to children, quantifying their productivity costs can be challenging and the correct methodology to use is under debate \[[@CR64], [@CR68], [@CR69]\].

More transparency is needed in future studies regarding how the productivity costs related to patients' informal caregivers are quantified.

The estimated productivity costs related to fatal dengue episodes {#Sec11}
-----------------------------------------------------------------

We have discussed the estimated productivity costs associated with acute non-fatal dengue episodes; however, a small proportion of dengue patients die. Some studies estimated the economic burden associated with these fatal dengue episodes. The average estimated productivity costs related to a fatal episode varied across the different studies between US\$15,568-1,453,237 for episodes in children and US\$12,035--948,121 for episodes in adults (Table [2](#Tab2){ref-type="table"}). This variation was partly due to the differences in economic status of the countries investigated, but also due to three main methodological factors/assumptions: the assumed number of potential years of life lost, the wage source and method applied to value the years of life lost. These differences make it difficult to directly compare the estimates from the different studies. To improve consistency, Shepard et al. \[[@CR4]\] provided separate estimates for premature deaths in children and adults. Due to the higher number of life years lost by child deaths, their economic values were higher.

The method applied to calculate the number of potential years of productive life lost can influence the estimated productivity costs related to fatal dengue episodes. Different studies used different methods for this \[[@CR70]\]. For example, some estimated the potential years of productive life lost based on life expectancy whereas others used retirement age. The majority of studies used the local life expectancy; however, this might overestimate the productivity costs related to premature mortality (as the life expectancy will typically be higher than the retirement age in that setting). Similarly, there was variation in the working ages assumed across studies and countries as productivity losses/costs were quantified from different ages, such as age 15 \[[@CR29], [@CR40]\] and age 21 \[[@CR19]\]. The appropriate age will depend on the study setting(s) but should be clearly stated and justified.

There was variation across the different studies regarding which wage source was used to value potential years of productive life lost (Table [2](#Tab2){ref-type="table"}). The majority of studies used the per capita GDP \[[@CR4], [@CR16], [@CR37], [@CR39], [@CR41]\]. However, the WHO's cost-effectiveness analysis guide criticized the use of per capita GDP in this way, stating that it would overestimate the productivity costs \[[@CR71]\]. Depending on the wage source used, the productivity costs could easily be overestimated or underestimated (Fig. [5](#Fig5){ref-type="fig"}). Thus, the wage source employed should be carefully examined such that it appropriately reflects the monetary value of the productivity of the specific population at risk of dengue within the investigated setting(s).

Finally, whether the human capital approach or friction cost approach was used influences the productivity costs related to premature mortality (Fig. [1](#Fig1){ref-type="fig"} and Additional file [1](#MOESM1){ref-type="media"}). The estimated productivity cost related to fatal dengue episodes were notably lower when the friction cost approach was used (Table [2](#Tab2){ref-type="table"}). The debate regarding which method is more appropriate is ongoing (Additional file [1](#MOESM1){ref-type="media"}). However, even when studies stated that they used the same approach, owing to the variation in the methods outlined above, the results could still be significantly different. Although the friction cost method was proposed as an alternative to the human capital approach \[[@CR63]\], the human capital approach was still more commonly used within the field \[[@CR63]\].

Discussion {#Sec12}
==========

We found that the estimated productivity costs associated with dengue episodes in Asia are notable. However, due to the significant variation in methodology and approaches applied, the reported productivity costs were often not directly comparable across studies.

In the future, greater consistency regarding how the productivity costs related to dengue are calculated would be invaluable and make different studies more comparable. This will be important for estimates of the total economic burden of dengue and within economic evaluations of dengue interventions.

The total economic burden associated with productivity costs {#Sec13}
------------------------------------------------------------

We have reviewed the productivity costs associated with individual dengue episodes. It is important to note that the total economic burden associated with dengue-related productivity costs will also depend on the incidence of symptomatic dengue episodes. The Global Burden of Disease (GBD) 2017 study estimated that there were 86,183,620 symptomatic dengue episodes in Asia in 2017 (95% uncertainty interval 51,918,388-131,567,619) \[[@CR72]\]. This number is significantly higher than the estimate within the GBD 2013 study (46,059,323 episodes in South Asia and Southeast Asia, East Asia and Oceania) \[[@CR4]\]. This highlights the variation in the estimates of the incidence of dengue episodes and the need for this to be considered when comparing the results of different studies. For example, the estimates of the total economic burden of dengue in Vietnam have varied between US\$5.43--94.87 million (2016 prices) and this variation was largely driven by the wide range in the assumed incidence of symptomatic episodes (between 69,680-2,263,880 symptomatic dengue episodes per year -- based on a range of sources/methods) \[[@CR73]\]. This highlights that for a good cost of illness estimates both good cost data and epidemiology data are needed.

Using productivity costs within cost-effectiveness analysis {#Sec14}
-----------------------------------------------------------

Productivity costs account for a significant proportion of the economic burden of dengue \[[@CR4]\]. Consequently, if and how they are included within a dengue related cost-effectiveness analysis could notably influence its outcome.

Within cost-effectiveness analyses, there are effectively two types of productivity costs (Fig. [6](#Fig6){ref-type="fig"}): Those corresponding to the productivity losses directly associated with accessing the intervention (e.g. someone takes a day off work to go to an outpatient clinic to get a vaccine).Those corresponding to the averted productivity losses that result from prevented morbidity/mortality (i.e. disease case is prevented and therefore, its related productivity costs that would have otherwise occurred are averted). These averted productivity losses are often referred to as productivity gains.Fig. 6Overview of the types of productivity costs included within cost-effectiveness analysis

The productivity costs of dengue episodes discussed in the previous sections of this paper could be used to quantify the productivity costs associated with the productivity gains that result from a dengue intervention within a cost-effectiveness analysis (based on the number of episodes averted by an intervention and their corresponding productivity costs). Within the cost-effectiveness ratio, these productivity costs associated with productivity gains are effectively a negative cost (Fig. [6](#Fig6){ref-type="fig"}).

The recommendations for which productivity costs should be included in cost-effectiveness analysis vary (Fig. [6](#Fig6){ref-type="fig"}). The first United States (US) Panel on Cost-Effectiveness in Health and Medicine (known as the Washington panel) recommended that the productivity costs related to the productivity losses associated with an intervention should be included within the cost component of the cost-effectiveness analysis \[[@CR74]\]. However, they argued that those related to the productivity gains associated with prevented morbidity/mortality should not be, as they are (at least partly) captured within the quality-adjusted life year (QALY) effectiveness measure: therefore including these productivity gains within the cost component of the equation would potentially lead to double counting of the effectiveness of the intervention \[[@CR74]\]. However, this recommendation has been challenged, with some arguing that the QALY measure does not capture these productivity gains \[[@CR6], [@CR75]--[@CR79]\]. Recently, the second US Panel on Cost-Effectiveness in Health and Medicine recommended that both productivity losses and productivity gains should be included in the cost component of the cost-effectiveness ratio \[[@CR64]\]. The debate in this area has heavily focused on the use of QALYs, although it could be argued that there is still a degree of double counting (albeit smaller) with the disability-adjusted life year (DALY) measure.

The WHO's cost-effectiveness analysis guide recommends that the productivity costs associated with both productivity losses and productivity gains should be excluded from a cost-effectiveness ratio \[[@CR71]\]. The reason given was that there is no "conceptually appropriate" way of measuring these productivity changes in monetary terms and that including productivity costs within cost-effectiveness analyses would simply introduce noise into the calculations. They suggested that when productivity gains/losses are believed to be important, studies should attempt to quantify them as rigorously as possible and report them separately.

Owing to the debate in this area within the health economic field, and the significance of the dengue related productivity costs, researchers performing cost-effectiveness analyses of dengue interventions should clearly state their assumptions regarding the methodology being applied and highlight the fact that the appropriateness of certain methods is still under debate.

Limitations of this analysis {#Sec15}
----------------------------

A potential source of bias in our search strategy is that it did not capture studies published outside of the searched electronic databases (i.e. grey literature such as policy documents/reports, and many non-English language publications etc.). For example, we found few articles reporting the burden of dengue in China and India, which may be due to studies relating to these countries not being published in journals which are indexed in PubMed or Web of Science. Efforts were made to minimize this bias by searching Google Scholar, WHO's Dengue Bulletin and the bibliographies of selected studies. It should be noted that the selection process was not performed independently by two researchers (i.e. not in duplicate), which could result in selection bias. To mitigate this, the papers where there was uncertainty regarding their inclusion were discussed between two reviewers. Furthermore, because there is no standard methodology for conducting cost of illness studies, the quality of the identified studies was not assessed. The variation in quality could result in biases in the estimated productivity costs of dengue episodes (potentially resulting in either an over or underestimation). However, this observed variation further supports our primary finding regarding the need for greater consistency in future studies.

Conclusion {#Sec16}
==========

A major impetus for calculating the cost of an illness episode is to have a standard burden measure that can be used for comparisons across countries and time periods, and for use within economic evaluation of interventions. Productivity costs can be a key component of the cost of an illness dengue episode. We found that the estimated productivity costs associated with dengue episodes in Asia are notable. However, owing to the significant variation in methodology and approaches applied, the reported productivity costs of dengue episodes were often not directly comparable across studies.

The majority of studies we identified only valued absenteeism from paid work. The losses associated with lost unpaid work and presenteeism have not been adequately addressed or characterized. Further work is also needed to account for the productivity costs incurred by patients' informal caregivers. Due to such losses not being fully captured, the productivity costs of dengue could be underestimated.

In the future, further guidelines and recommendations regarding how to calculate productivity costs would be invaluable and make different studies more consistent and comparable. What is most important moving forward is that the assumptions and methods used to estimate productivity costs are clearly reported.

More consistent and transparent methodology regarding the estimation of productivity costs would help the estimates of the economic burden of dengue be more accurate and comparable across studies. Ultimately, accurate estimates of the economic burden of dengue will be crucial to informing policy in both the prevention and treatment of this highly prevalent disease, particularly in settings with limited resources.
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